The potentials used are functions of r, the distance between the centres of the molecules, but not of their relative orientation. The long-range attraction between the molecules is taken to be the sum of terms proportional to r -6 and r~8, and the short-range repulsion is proportional to e~pr. This potential has four parameters: the position and depth of the minimum of the potential, the relative importance of the r-8 term, and the steepness of the exponential repulsion. The second virial and low-pressure Joule-Thomson coefficients are tabulated for the range of parameters likely to be found in actual molecules, and for temperatures from the critical temperature to about 20 times this value. The most important of the three quantum corrections is tabulated over the same ranges.
We have computed the second virial coefficient for a potential derived from the usual type (1) by replacing the inverse-power repulsion A by an exponential term Ae~er, taking m = 6, and adding an additional attractive term propo r~8. Reduced to non-dimensional variables, of which there are three, the results previously obtained for simple molecules show th a t one need compute the second virial coefficient for only quite restricted ranges of two of the variables. This makes the computation not intolerably long, though still rather laborious. The tables of second virial coefficients are given in the present paper; their application to various substances will follow in a separate paper.
Hirschfelder, Ewell & Roebuck (1938) have shown how the Joule-Thomson coefficient (extrapolated to zero pressure) may be used instead of the second virial coefficient to find intermolecular potentials, and they have derived the JouleThomson coefficient of the potential (1) from Lennard-Jones's expression for its second virial coefficient. We have prepared tables of the Joule-Thomson coefficient for the same potentials for which we have computed the second virial coefficient. We have also calculated similar tables of the most important of the three quantum corrections to the second virial and Joule-Thomson coefficients.
The potentials used in this paper can apply only to molecules which are nearly spherical.
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The second virial coefficient has been defined in several slightly different ways, and has been expressed in several sets of units (cf. Fowler 1936, and Hirschfelder et al. 1938) . We use the definition p V = w A :T |l + ^-l -0 ( F -2)J,
where p, T and n are the pressure, temperature and number of molecules in the volume V. (2) is true at low densities, and defines the second virial coefficient B, which is a function of temperature. B is proportional to n, and has the dimensions of a volume. The most usual choices of n are = Avogadro's number, so th at B is given as volume per gram-molecule, or n = L Loschmid th at B is in units of volume (per c.c. of perfect gas at s .t .p .). n need not be specified in this paper.
Take the zero of the intermolecular potential energy E(r) to be the value for infinite r. In classical statistical mechanics, B is connected with E(r) by the relation
There are three quantum corrections: (I) the probability of configurations of potential energy E is not proportional to e-E/kT.
(II) certain states of the gas are excluded by the statistics appropriate to the molecules under consideration; (III) when the kinetic energy of the relative motion of two molecules is less than the attractive potential energy, the total energy, omitting the translational energy of the centre of mass of the pair, can take only certain discrete values.
The most important correction is the first. I t was pointed out by Slater (1931), developed by Uhlenbeck & Gropper (1932 ), Wigner (1932 , and most conveniently by Kirkwood (1933) . Uhlenbeck & Beth (1936) have illustrated the subject by application to particular cases.
The second correction, for the effect of statistics, has been shown by Beth & Uhlenbeck (1937) to be negligible except for helium a t low temperatures.
The correction for discrete states has been evaluated by Beth & Uhlenbeck (1937) in terms of the phase shifts of the wave functions in the potential field. The correction is appreciable only when the number of discrete levels is small and the temperature is low, both conditions being necessary. Even for helium, which has a t most one discrete level,* the correction is appreciable only at low temperatures. For molecules such as argon, with something like a dozen discrete levels, the effect is negligible at all temperatures. To sum up, only the correction (I) need be taken into account except for helium at low temperatures, where it is necessary to include all three corrections.
Thus with the first quantum correction, or rather the first approximation to it,
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where m is the mass of the molecule. There are terms involving higher powers of h2lm1cT, but these are appreciable at low temperatures only, and may otherwise be neglected. We reduce (4) to a more convenient form by the following substitutions:
where r0 and e are the position and depth of the minimum of E(r). Hence
F o r/, the shape of the potential, we use the following forms:
* T he existence of th is level is n o t y e t e stab lish ed w ith c e rta in ty , as it d ep e n d s critica lly on th e form assum ed for th e in te rm o lec u la r p o te n tia l. In (9) there are attractive potentials proportional to r~6 and and an exponential repulsion. The parameter a measures the steepness of the repulsion, and values deduced for particular gases by various authors lie in the neighbourhood of ; our tables cover the range 12-5 to There is a discontinuity in the third derivative of / in passing through er = 1. This is due to the multiplication of the attractive potential by a factor which prevents the whole potential going negative and finally infinite as tends to zero, and which therefore will make easier a comparison of the potentials with the results of scattering experiments (cf. Amdur & Pearlman 1941).
Whitelaw (1934) has shown th a t if c° and fi0 are respectively the specific heat at constant pressure, per molecule, and the Joule-Thomson coefficient, both extra polated to zero pressure, then c°Ppo=T2jr(j^r (n ) and Hirschfelder et al. (1938) 
have used this equation to derive theoretical expressions
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for p 0. In the case of the potential (9) and (10) one can write
where
and (14) G0 is the classical term and G1 the first and most important of the three quantum corrections.
T a b l e s o f t h e f u n c t io n s G0 a n d
These tables cover the following ranges: a from 12*5 to 14-5, from 0-04 to 0-8, and the values of /? are 0 and 0-2.
Interpolation with respect to a and x is possible, but with only two values of /? it is not possible to interpolate with respect to /?, except by a linear interpolation. However, the variation with /? is small, and the error in a linear interpolation is probably negligible.
The lower limit of the tabulated values of x, namely, 0-04, was chosen because x is greater than 0-04 for all known virial measurements, except certain results for helium at high temperatures. The tabulated values for x = 0-04 and /? = 0 are at present extrapolated. An extension of the tables to this and lower values of x is in progress, however, with a view to their application to the special case of helium.
The upper limit of x, which is 0-8, lies in the neighbourhood of the critical tempera ture. I t is not necessary to carry the tabulation to lower temperatures, because the form of the curves in this region is such th a t a unique fit to experimental data is impossible. Observations well above the critical temperature are essential to the derivation of an intermolecular potential.
These functions have no special mathematical interest, so the accuracy to be attained was settled solely by considerations of their use in analysis of observed second virial and Joule-Thomson data. These are subject to errors of a t least 1 % of the values found a t the critical temperature. We have aimed a t a maximum error of less than 0*1 % in F0and G0 and 1 % in used in the computation have been chosen to reduce the errors to these limits.
The tables are all to be interpolated in the same way. The printed differences are of two types: those for interpolation with respect to a are printed between the columns, those for interpolation with respect to x are placed between the rows. The differences are always the sum of adjacent second differences, modified by a 'throw-back' to include the effect of fourth differences. These sums are sufficient for Bessel inter polation :
where n lies between 0 and 1, B"(n) is the Bessel coefficient of the second difference, and M is the printed difference-sum for the interval 4-Where M is omitted, linear interpolation introduces an error of less than half a unit of the last place.
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For o'^ 1, exf{a) can be expanded as a power series, and if one writes 
and
with analogous series for G0 and Gv The integrals F0" and n up to 7. Values of F0, Fx, G0 and x = 0*04, 0*05, 0-06, 0-08, 0*1, 0*15, 0*2 (0*1) 0 8 , and the tables were completed by interpolation. Apart from checking against the original computations, the proofs have been differenced, and it is believed th a t few errors are left in the tables. The formulae and the intervals used in the numerical integrations were of two types, and a number of the integrals were computed by both methods as a check on the accuracy attained.
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